ABSTRACT
Introduction
The mortality rate in patients with burn injuries is affected as much by the presence of inhalation injury as by burn area or age. (1-3) Many investigators have reported that inhalation injuries are associated with a high mortality rate, because they cause cardiopulmonary distress not seen in patients with cutaneous injury alone. (3-7) However, there have been few comparative studies or retrospective analyses of the severity of burns or deaths of patients with inhalation injury. This retrospective study aimed to examine the epidemiological characteristics and tendencies of inhalation injury and to evaluate the risk of death in patients with inhalation injuries though analysis of the burn index (BI= body surface area [BSA] of deep burn + BSA of dermal burn × 1/2) and the prognostic burn index (PBI= BSA of deep burn + BSA of dermal burn × 1/2 + patient age).
Patients and methods
Fifty-nine patients who had sustained a severe burn injury and were treated in the intensive care unit (ICU) at our medical center from 2004 through 2006 were evaluated in this study. Of these patients, 31 with inhalation injuries and 27 without inhalation injuries were eligible for this retrospective study (the presence of inhalation injury in 1 patient was unclear). All inhalation injuries were diagnosed by immediate bronchoscopic examination revealing bronchomucosal abnormalities, including a large amount of soot, mucous exudates, and edema.
(1) Patients with inhalation injury ranged in age from 15 to 92 years (mean age, 57.4 ± 20.3 years), and patients without inhalation injury ranged in age from 3 months to 102 years (mean age, 57.8 ± 32.4 years) (no significant difference, Wilcoxon signed rank test). We investigated several aspects of the severity and mortality rate of burn patients including 1) differences in the BI and PBI scores in all patients with or without inhalation injury; 2) PBI differences between patients with or without inhalation injury who survived; 3) PBI differences between patients with or without inhalation injury in patients who died.
Results
Of the 31 patients with inhalation injury, 14 (45.2%) died, and of the 27 without inhalation injury, 4 (16.7%) died (figure 1). Patients with inhalation injury were more likely to have a fatal outcome than those without inhalation injury, however, the difference was not statistically significant (p=0.09, Chi-square test). Most burn injuries were caused by fire (71.1%) or hot liquids (18.6%). Burn injuries were also caused by explosion 3.4%, steam 3.4% and electricity 1.7%. The PBI scores and deaths are shown in figure 2. There were significant differences in mortality between the group with a PBI score is less than 100 points, and those with a PBI score greater than 101 points (p<0.001, Chi-square test). It was difficult to save the lives of patients with a PBI score of more than 101 points. The ranges of PBI scores in patients who survived and died were 5 to 109 points (median 57) and 72 to 162 points (median 117). There was a significant difference between the groups (p 0.001, Wilcoxon rank sum test).
(1) PBI differences in patients with or without inhalation injury (figure 3): The ranges of BI scores in patients with and without inhalation injury were 0 to 90 points (median 45) and 5 to 95 points (median 50). There was a significant difference between the groups (p<0.05, Willcoxon rank sum test). PBI differences in patients with or without inhalation injury (figure 4). The ranges of PBI scores in patients with or without inhalation injury were 15 to 162 points (median 88.5) and 5 to 110 points (median 55.5). There was a significant difference between the groups (p<0.05, Willcoxon rank sum test).
(2) PBI differences in surviving patients with or without inhalation injury ( figure  5 ): The ranges of PBI scores in patients with and without inhalation injury were 5 to 94 points (median 49.5) and 25 to 109 points (median 67). There was a significant difference between the groups (p<0.05, Wilcoxon rank sum test). (3) PBI differences in patients who died with or without inhalation injury (figure 6): The ranges of PBI scores in patients with or without inhalation injury were 73 to 162 points (median 67) and 88 to 129 points (median 67). There was no significant difference between the groups (p=0.27, Wilcoxon rank sum test). 
Discussion
Many investigators have reported that inhalation injuries are associated with high mortality rates. (1-6) Rue et al. studied 330 patients with inhalation injuries and concluded that they had a higher mortality rate (29.4%) than did patients without inhalation injury. (8) Klosova et al. performed a retrospective analysis of 67 elderly patients with burns and found that only 6% of patients had inhalation injuries; however patients with inhalation injuries had a high mortality rate of 75%. (6) Our study showed that patients with inhalation injuries have a mortality rate three times that of patients without inhalation injury. Reasons for the increased mortality rate of patients with inhalation injury have been examined with pathophysiological studies. Acute responses to inhalation injury cause a release of inflammatory mediators, the effects of which are not limited to the lung and bronchus but also affect systemic vascular resistance. (1) Furthermore, intravascular volume deficiency, which frequently leads to decreases in cardiac output and stroke volume, occurs due to increased permeability of the capillary bed and substantial interstitial fluid accumulation. This hypovolemic condition requires excessive fluid resuscitation, which could cause an overload of cardiopulmonary function during the refilling phase. Our study supports these findings. The PBI score for surviving patients with inhalation injuries was 10 points lower than that for surviving patients without inhalation injuries, indicating that inhalation injuries could cause death with lesssevere cutaneous burns (figure 5). That is to say, inhalation injuries are likely to cause a patient's condition to weaken and to result in an increased mortality rate. However, this assumption may not take into account the severity of cutaneous burns; patients with inhalation injury may also receive more severe cutaneous burns. Usually, inhalation injuries occur as a complication of flame burns, which will also cause severe and deep burns to large cutaneous areas. Our study revealed that patients with inhalation injury were likely to have more severe cutaneous burns, reflected by both BI and PBI scores ( figures 3 and 4) . On the other hand, patients with inhalation injury with died tended to have higher PBI scores than did patients without inhalation injury, although, the difference was not significant ( figure 6 ). This result also suggests that patients with inhalation injury will have burns to a larger area of the body surface. This could be another reason for the increased mortality rate of patients with inhalation injury.
Conclusion
We conclude that inhalation injuries alone may increase the mortality rate, but many patients with inhalation injury are also likely to sustain more severe cutaneous burns, which can also cause death.
